105 CMR: DEPARTMENT OF PUBLIC HEALTH

120.430:  THERAPEUTIC RADIATION MACHINES

120.431: Purpose and Scope

(A) 105 CMR 120.430 establishes requirements, for which the registrant is responsible, for use of
therapeutic radiation machines. The provisons of 105 CMR 120.430 are in addition to, and not in
subgtitution for, other gpplicable provisons of these regulations.

(B) The use of thergpeutic radiation machines shdl be by, or under the supervision of, a licensed
practitioner of the heding arts who meets the training/experience criteria established by 120.433(C).

120.432: Definitions

Asused in 105 CMR 120.430, the following definitions apply:

Absorbed Dose (D) means the mean energy imparted by ionizing radiation to matter. Absorbed dose
is determined as the quotient of dE by dM, where dE isthe mean energy imparted by ionizing radiation
to matter of massdM. The Sl unit of absorbed doseisjoule per kilogram and the specid name of the
unit of absorbed doseisthe gray (Gy). The previoudy used specid unit of absorbed dose (rad) is
being replaced by the gray.

Absorbed Dose Rate means absorbed dose per unit time, for machines with timers, or dose monitor
unit per unit time for linear accelerators.

Accessble Surface means surface of equipment or of an equipment part that can be easly or
accidentaly touched by persons without the use of atool.

Added Filtration means any filtration which isin addition to the inherent filtration.

Air Kerma (K) means thekinetic energy released in air by ionizing radiation. Kermaisdetermined as
the quotient of dE by dM, where dE isthe sum of theinitid kinetic energies of dl the charged ionizing
particles liberated by uncharged ionizing particlesin air of massdM. The Sl unit of air kermaisjoule
per kilogram and the specia name for the unit of kermaisthe gray (Gy).

Barrier (See "Protective barrier” in 105 CMR 120.005).
Beam Axis meansthe axis of rotation of the beam limiting device.

Beam-limiting Device means afield defining collimator, integrd to the thergpeutic radiation machine,
which provides ameans to regtrict the dimensions of the ussful beam.
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Beam Monitoring System means a system designed and ingtaled in the radiation head to detect and
measure the radiation present in the useful beam.

Beam Scattering Foil means athin piece of materid (usualy metalic) placed in the beam to scaiter a
beam of dectronsin order to provide a more uniform dectron distribution in the useful beam.

Bent BeamL inear Accelerator means alinear accelerator geometry in which the accelerated el ectron
beam must change direction by passing through a bending magnet.

Certified Health Physicist means and individud certified by the American Board of Hedlth Physics as
ahedth physidis.

Changesble Filters means any filter, exclusve of inherent filtration, which can be removed from the
useful beam through any dectronic, mechanicad, or physical process.

Contact Therapy System means a thergpeutic radiation machine with a short target to skin distance
(TSD), usudly less than five centimeters.

Detector (See "Radiation Detector” in 105 CMR 120.402).

Dose Monitor Unit (DMU) means a unit response from the beam monitoring system from which the
absorbed dose can be calculated.

Dosmetry System means a device which can measure radiation dose,

Externa Beam Radiation Therapy means therapeutic irradiation in which the source of radiation is a
adistance from the bodly.

Fidd-flatening Filter means a filter used to flatten the absorbed dose rate over the radiation field.

Filter meansmaterid placed intheuseful beam to change beam qudity in thergpeutic radiation machines
subject to 105 CMR 120.436.

Gantry means that part of a radiation thergpy system supporting and alowing movements of the
radiation head about a center of rotation.

Gray (Gy) meansthe Sl unit of absorbed dose, kerma, and specific energy imparted equal to onejoule
per kilogram. The previousunit of absorbed dose (rad) isbeing replaced by thegray. [1 Gy=100rad].

Interlock means a device preventing the start or continued operation of equipment unless certain
predetermined conditions prevail.

| nterruption of I rradiation means the stopping of irradiation with the possibility of continuing irradiation
without resetting of operating conditions at the control pand.

| socenter means the center of the sphere through which the useful beam axis passes while the gantry
moves through its full range of motions.

L eekage Radiation means radiation emanating from the radiation thergpy system except for the useful
beam.

Light Held means the areatilluminated by light, smulating the radiation field.
MA means milliampere.
Megavalt (MV) [megad ectron valt (MeV)] meansthe energy equa to that acquired by aparticlewith

one eectron charge in passing through a potentia difference of one million volts in a vacuum. [Note:
current convention isto use MV for photons and MeV for eectrons]
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Monitor Unit (MU) (See"Dose Monitor Unit").

Moving Beam Radiation Therapy means radiation thergpy with any planned displacement of radiation
field or patient reive to each other, or with any planned change of absorbed dose digtribution. It
includes arc, skip, conformd, intensity modulation and rotationd therapy.

Nomina Trestiment Distance means.
(&) For dectronirradiation, the distance from the scattering fail, virtua source, or exit window of
the eectron beam to the entrance surface of theirradiated object along the centrd axisof the useful
beam.
(b) For X-ray irradiation, the virtual source or target to isocenter distance aong the centrd axis
of the useful beam. For non-isocentric equipment, this distance shal be that specified by the
manufacturer.

Peak Tube Potential meansthe maximum vaue of the potentia difference acrassthe X-ray tube during
an exposure.

Periodic Quality Assurance Check means a procedure which is performed to ensure that a previous
cdibration continues to be vdid.

Primary Dose Monitoring Systemmeansasystem which will monitor the useful beam during irradiation
and which will terminate irradiation when a pre-sdected number of dose monitor units have been
delivered.

Primary Protective Barrier (See "Protective Barrier" in 105 CMR 120.005).

Radiation Field (See Useful Beam)
Radiation Head means the structure from which the useful beam emerges.

Radiation Therapy Physicig means an individua qudifiedin accordance with 105 CMR 120.433(D).

Redundant Beam Monitoring System means a combination of two dose monitoring systemsin which
each system is designed to terminate irradiation in accordance with a pre-sdlected number of dose
monitor units.

Secondary Dose Monitoring System means a sysem which will terminate irradiation in the event of
failure of the primary dose monitoring system.

Secondary Protective Barrier (See "Protective Barrier” in 105 CMR 120.005).

Source means the region and/or materid from which the radiation emanates.

Source-skin Distance (SSD) [See Target-skin Distance]

Stationary Beam Radiation Therapy means radiation thergpy without displacement of one or more
mechanica axes reative to the patient during irradiation.

Stray Radiation means the sum of leakage and scattered radiation.

Target meansthat part of an X-ray tube or accelerator onto which is directed a beam of accelerated
particles to produce ionizing radition or other particles.

Target-skin Distance (TSD) means the distance measured aong the beam axis from the target to the
surface of the irradiated object or patient.
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Tenth-value Layer (TVL) means the thickness of a specified materia which attenuates X-radiation or
gamma radiation to an extent such that the air kerma rate, exposure rate or absorbed dose rate is
reduced to one-tenth of the value measured without the materia at the same point.

Termination of Irradiation means the stopping of irradiation in a fashion which will not permit
continuance of irradiation without the resetting of operating conditions at the control pand.

Therapeutic Radiation Machine means X-ray or e ectron-producing equipment designed and used for
externad beam radiation therapy.

Tube means an X-ray tube, unless otherwise specified.

Tube Housing Assembly means the tube housing with tube ingtaled. It includes high-voltage and/or
filament transformersand other appropriate e ementswhen such are contained within the tube housing.

Useful Beam means the radiation emanating from the tube housing port or the radiation head and
passing through the gperture of the beam limiting device when the exposure controls are in amode to
cause the therapeutic radiation machine to produce radiation.

Virtua Source means a point from which radiation gppears to originae.

Wedge Filter means afilter which effects continuous change in transmission over dl or a part of the
ussful beam.

X-ray Tube means any dectron tube which is desgned to be used primarily for the production of
X-rays.

120.433:  Generd Adminigrative Requirements for Facilities Usng Therapeutic Radiation Machines

7/9/99

(A) Adminidrative Controls. The registrant shdl be responsible for directing the operation of the
thergpeutic radiation machines which have been registered with the Agency. The regidrant or the
registrant's agent shal ensure that the requirements of 105 CMR 120.430 are met in the operation of
the thergpeutic radiation maching(s).

(B) Prohibition A therapeutic radiation machine which does not meet the provisons of 105 CMR
120.000 shal not be used for irradiation of patients.

(C) Traning for Externa Beam Radiation Therapy Authorized Users The registrant for any
thergpeutic radiation machine subject to 105 CMR 120.436 or 120.437 shdl require the authorized
user to be a physician who:
(1) Iscetifiedin:
(@ Radiology or thergpeutic radiology by the American Board of Radiology; or,
(b) Radiation oncology by the American Osteopathic Board of Radiology; or,
(¢ Radiology, with specidization in radiotherapy, as a British "Fellow of the Faculty of
Radiology” or "Felow of the Royd College of Radiology”; or,
(d) Therapeutic radiology by the Canadian Roya College of Physicians and Surgeons; o,
(2) Isinthe active practice of therapeutic radiology, and has completed 200 hours of ingtruction
in basic radiation techniques gpplicable to the use of an externa beamradiation therapy unit, 500
hours of supervised work experience, and a minimum of three years of supervised clinica
experience.
(@ Tosatisfy therequirement for ingtruction in 105 CMR 120.433(C)(2), the classroom and
laboratory training shal incdlude:
1. Radigion physics and instrumentation;
Radiation protection;
Mathematics pertaining to the use and measurement of ionization radiation; and
Radiation biology.

A WD
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(b) To satidy the requirement for supervised work experience, training shal be under the
supervison of an authorized user and shdl include:
1. Review of the full calibration measurements and periodic quaity assurance checks,
2. Evauation of prepared trestment plans and caculation of trestment times/patient
trestment settings,
3. Usng adminidrative controls to prevent missdminigtrations,
4. Implementing emergency proceduresto befollowed  in the event of the abnorma
operation of aexternad beam radiation thergpy unit or console; and,
5. Checking and using radiation survey meters.
() To stidfy the requirement for a period of supervised dinica experience, training shal
include one year in aformd training program approved by the Residency Review Committee
for Radiology of the Accreditation Council for Graduate Medica Education or the Committee
onPostdoctora Training of the American Osteopathic Association and an additiond year years
of dinicd experiencein therapeutic radiology under the supervison of an authorized user. The
supervised dinica experience shdl include:
1. Examining individudsand reviewing their case higtoriesto determine their suitability for
externa beam radiation thergpy trestment, and any limitations/ contraindications,
2. Sdecting proper dose and how it isto be administered;
3. Cdculating the externd beam radiation therapy doses and collaborating with the
authorized user in the review of patients progress and consideration of the need to modify
origindly prescribed doses and/or treatment plans as warranted by patients reaction to
radiation; and,
4. Pog-adminigration follow-up and review of case histories.
(d) Notwithstanding the requirements of 105 CMR 120.433(C)(1) and 120.433(C)(2), the
registrant for any therapeutic radiation machine subject to 105 CMR 120.436 may a so submit
the training of the prospective authorized user physician for Agency review on acase-by-case
basis.
() A physcian shdl not act as an authorized user for any thergpeutic radiation machine until
such time as said physician's training has been reviewed and approved by the Agency.
(3) Therequirements of 105 CMR 120.433(C)(1) must be met within 24 months after July 9,
1999.

(D) Traning for Radigtion Therapy Physicig. Theregidrant for any thergpeutic radiation machine
subject to 105 CMR 120.436 or 120.437 shall require the Radiation Therapy Physicist to:

(1) Beregigtered with the Agency, under the provisons of 105 CMR 120.026, as a provider of
radiation services in the area of cdlibration and compliance surveys of externd beam radiation
therapy units; and,
(2) Becetified by the American Board of Radiology in:

(@ Thergpeutic radiologica physics; or

(b) Roentgen-ray and gamma-ray physics; or

(¢) X-ray and radium physics, or

(d) Radiological physcs; or,
(3) Becetified by the American Board of Medical Physicsin Radiation Oncology Physics, or,
(4) Be certified by the Canadian College of Medicd Physics; or,
(5) Hold a master's or doctor's degree in physics, biophysics, radiological physics, or hedth
physics, and have completed one year of full timetraining in thergpeutic radiologica physics and
aso one year of full time work experience under the supervison of a Radiation Therapy Physcist
at amedicd inditution. To meet this requirement, the individua shal have performed the tasks
ligedin 105 CMR 120.434(A), 105 CMR 120.436(P)/(T), and 105 CMR 120.436(Q)(U) under
the supervison of a Radiation Therapy Physicist during the year of work experience.
(6) Notwithstanding the provisionsof 105 CMR 120.433(D)(5), certification pursuant 105 CMR
120.433(D)(2), (D)(3), and/or (D)(4) shal berequired on or before one year after July 91, 1999
for dl persons currently qudifying as a Radiation Thergpy Physcig pursuant to 105 CMR
120.433(D)(5).
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(E) Qudifications of Operators.
(1) Individuaswhowill be operating athergpeutic radiation machinefor medica use shal possess
avaid Massachusdtts License asa Radiologic Technologists in Radiation Therapy.
(2) The names and the respective training records of al personnd currently operating a
thergpeutic radiation machine shdl be kept on file at the facility. Information on former operators
shdl beretained for aperiod of a least two years beyond the last date they were authorized to
operate a thergpeutic radiation machine at that facility.

(F) Written safety procedures and rules shdl be developed by aRadiation Therapy Physicist and shall
be available in the control area of a thergpeutic radiation machine, including any redtrictions required
for the safe operation of the particular thergpeutic radiation machine. The operator shall be able to
demondrate familiarity with these rules.

(G) Individuds shdl not be exposed to the useful beam except for medical therapy purposes and
unless such exposure has been ordered in writing by an authorized user meeting the requirements of
105 CMR 120.433(C) who is specificdly identified on the Certificate of Registration. This provison
gpecifically prohibits ddiberate exposure of an individua for training, demondration or other
non-healing-arts purposes.

(H) VidgtingAuthorized User. Notwithstanding the provisonsof 105 CMR 120.433(G), aregistrant
may permit any physicianto act asavisting authorized user under theterm of the registrant's Certificate
of Regigration for up to 60 days per caendar year under the following conditions:
(1) Thevigting authorized user has the prior written permission of the registrant's management
and, if the use occurs on behdf of aninditution, the indtitution's Radiation Safety Committee; and
(2) The visting authorized user meets the requirements established for authorized user(s) in 105
CMR 120.433(C)(1) and (C)(2); and
(3) The registrant maintains copies of al records specified by 105 CMR 120.433(H) for five
years from the date of the last vigt.

(1) All individuas associated with the operation of athergpeutic radiation machine shdl be insructed
in and shdl comply with the provisons of the registrant's quality management program. In addition to
the requirements of 105 CMR 120.430, these individuas are also subject to the requirements of 105
CMR 120.201, 120.205 and 120.502.

(J) Information and Maintenance Record and Associated Information. The regisrant shadl maintain
the following information in a separate file or package for each thergpeutic radiation machine, for
ingpection by the Agency:

(1) Report of acceptance testing;;

(2) Recordsof dl surveys, cdibrations, and periodic quaity assurance checks of the thergpeutic

radiation machine required by 105 CMR 120.430, as well as the name(s) of person(s) who

performed such activities,
(3) Recordsof maintenance and/or modifications performed on the thergpeutic radiation machine

after July 9, 1999, as well asthe name(s) of person(s) who performed such services,
(4) Signature of the Radiation therapy Physicist or Authorized User authorizing the return of

thergpeutic radiation machine to clinical use after service, repair, or upgrade,

(K) Records Retention. All records required by 105 CMR 120.430 shdll be retained until disposal
is authorized by the Agency unless another retention period is specificaly authorized in 105 CMR
120.430. All required recordsshdl beretained in an activefilefrom at least thetime of generation until
the next Agency inspection. Any required record generated prior to the last Agency ingpection may
be microfilmed or otherwise archived as long as a complete copy of said record can beretrieved until
such time as the Agency authorizesfind disposd.
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(1) Theregigrant shal ensure that radiation protection surveys of dl new facilities, and exigting
fadlities not previoudy surveyed, are performed with an operable radiation measurement survey
ingtrument calibrated in accordance with 105 CMR 120.438. Theradiation protection survey shall
be performed by, or under the direction of, a Radiation Therapy Physicist or a Certified Hedlth
Physicigt and shdl verify that, with the therapeutic radiationmachineina"BEAM-ON" condition,
withthelargest clinicdly available treetment field and with ascattering phantom in the useful beam
of radiaion. The following standards must be met and recorded:

() Radiationlevelsin restricted areas are not likely to cause personnel exposures in excess

of the limits specified in 105 CMR 120.211(A); and,

(b) Radiation levels in unredtricted areas do not exceed the limits specified in 105 CMR

120.221(A) and 120.221(B).
(2) Inaddition to the requirements of 105 CMR 120.434(A)(1), a radiation protection survey
shdl aso be performed prior to any subsequent medica use and:

(@ After making any structura or composite modifications to the treatment room shidding;

(b) After making any changesin the location of the therapeutic radiation machine within the

trestment room;

(c) After rdlocating the thergpeutic radiation machine; or,

(d) Before using the thergpeutic radiation machine in amanner that could result in increased

radiation levelsin aress outsde the external beam radiation therapy trestment room.
(3) Thesurvey record shdl indicate dl instances where the facility, in the opinion of the Radiation
Therapy Physcig or a Certified Hedth Physcigt, isin violation of gopplicable regulations. The
survey record shdl aso incude the date of the measurements, the reason the survey is required,
the manufacturer's name, mode number and serid number of the thergpeutic radiation machine,
the instrument(s) used to measure radiation levels, a plan of the areas surrounding the trestment
room that were surveyed, the measured dose rate at severa points in each area expressed in
microseverts or millirems per hour, the calculated maximum level of radiation over aperiod of one
week for each restricted and unrestricted area, and the signature of the individua responsible for
conducting the survey;
(4) If theresultsof the surveysrequired by 105 CMR 120.434(A)(1) or 120.434(A)(2) indicate
any radiation levels in excess of the respective limit specified in 105 CMR 120.434(A)(1), the
registrant shal lock the contral in the "OFF" position and not use the unit:

(& Except as may be necessary to repair, replace, or test the therapeutic radiation machine,

the thergpeutic radiation machine shidding, or the treetment room shidding; or,

(b) Until the regigtrant has received a specific exemption from the Agency.

(B) Modification of Radiation Therapy Unit or Room Before Beginning a Treatment Program. If the
survey required by 105 CMR 120.434(A) indicates that an individua in an unrestricted areamay be
exposed tolevelsof radiation greater than those permitted by 105 CMR 120.221(A) and 120.221(B),
before beginning the treatment program the registrant shall:

(1) Either equip the unit with beam direction interlocks or add additiona radiation shielding to
ensure compliance with 105 CMR 120.221(A) and 120.221(B);

(2) Perform the survey required by 105 CMR 120.434(A) again; and,

(3) Include in the report required by 105 CMR 120.434(D) the results of the initid survey, a
description of the modification made to comply with 105 CMR 120.434(B)(1), and the results of
the second survey; or,

(4 Reguest and receive aregigration amendment under 105 CMR 120.221(C). that authorizes
radiation levelsin unrestricted areas greater than those permitted by 105 CMR 120.221(A) and
120.221(B).

(C) Dosmetry Equipment.

(1) Theregigrant shdl have a cdibrated dosmetry system available for use. The system shdl
have been calibrated by the Nationa Ingtitute for Standards and Technology (NIST) or by an
American Associaion of Physicigts in Medicine (AAPM) Accredited Dosimetry Cdlibration
Laboratory (ADCL). Thecdibration shal havebeen performed within the previous 24 monthsand
after any servicing that may have affected system cdlibration.
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(@ For beams with energies greeter than 1 MV (1 MeV), the dosmetry system shdl have

been cdibrated for Cobalt-60;

(b) For beamswith energiesequd to or lessthan 1 MV (1 MeV), the dosmetry system shall

have been cdlibrated at an energy (energy range) appropriate for the radiation being measured,
(2) The regigrant shal have avallable for use a dosimetry system for quality assurance check
measurements. To meset this requirement, the syslem may be compared with a system that has
been calibrated in accordance with 105 CMR 120.434(C)(1) This comparison shal have been
performed within the previous 12 months and after each servicing that may have affected system
cdibration. The quaity assurance check system may be the same system used to meet the
requirement in 105 CMR 120.434(C)(2);
(3) Theregigrant shdl maintain arecord of each dosmetry system calibration, intercomparison,
and comparison for the duration of the license and/or regidtration. For each calibration,
intercomparison, or comparison, the record shal include the date, the modd numbers and serid
numbers of theinstrumentsthat were calibrated, inter-compared, or compared asrequired by 105
CMR 120.434(C)(1) and (C)(2), the correction factors that were determined, the names of the
individuals who performed the cdibration, intercomparison, or comparison, and evidencethat the
intercomparison was performed by, or under the direct supervision and in the physica presence
of, aRadiation Therapy Physicis.

(D) Reportsof External Beam Radiation Therapy Surveys and Measurements. Theregistrant for any
therapeutic radiation machine subject to 105 CMR 120.436 or 120.437 shdl furnish a copy of the

records required in 105 CMR 120.434(A) and 120.434(B) to the Agency within 30 days following
completion of the action that initiated the record requiremen.

120.435: Qudity Management Program

[Note: For purposes of 105 CMR 120.435 the Quaity Management Program for therapeutic
radiation machine facilities are the same as for teletherapy. In addition, the word registrant as used in
105 CMR120.400 is to be substituted for the word licensee as used in 105CMR120.500 and the
word regigration for license in gpplying the referenced provisons listed below.]

(A) Inaddition to the definitionsin 105 CMR 120.432, the following definitions are applicableto a
quaity management program:

(1) Prescribed dose means see 105 CMR 120.502: Prescribed Dose(2).

(2) Misadminidration means see 105 CMR 120.502: Misadminigration(4).

(3) Recordable Event means see 105 CMR 120.502: Recordable Event(5).

(4) Written Directive means see 105 CMR 120.502: Written Directive(4).

(B) Scopeand Applicability. See 105 CMR 120.513: Quadity Management Program

(C) Records, Natifications, and Reports of Misadminigtration see 105 CMR 120.514: Records
Notifications, and Reports of Misadminigration.

120.436: Therapeutic Radiation Machines of Less Than 500 kV

7/9/99

(A) Leskage Radiation. When the X-ray tube is operated at its maximum rated tube current for the
maximum kV, the leakage air kerma rate shal not exceed the vaue specified at the distance specified
for that classification of thergpeutic radiation machine:
(1) 5-50kV Sydems. Theleskagear kermarate messured at any position five centimetersfrom
the tube housing assembly shall not exceed 1 mGy (100 mrad) in any one hour.
(2) >50and<500kV Systems. Theleskagear kermarate measured at adistance of one meter
from the target in any direction shal not exceed 1 cGy (1 rad) inany onehour. Thisar kermarate
measurement may be averaged over areas no larger than 100 square centimeters. In addition, the
ar kermarate at adistance of five centimeters from the surface of the tube housing assembly shal
not exceed 30 cGy (30 rad) per hour.
(3) For each therapeutic radiation machine, the registrant shal determine, or obtain from the
manufacturer, the leakage radiation existing at the positions specified in 105 CMR 120.436(A)(1)
and (A)(2) for the specified operating conditions. Records on leakage radiation measurements
shdl be maintained at the ingtdlation for ingpection by the Agency.
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(B) Permanent Beam Limiting Devices. Permanent digphragms or cones used for limiting the ussful
beam shdll provide at least the same degree of attenuation as required for the tube housing assembly.

(C) Adustable or Removable Beam Limiting Devices.
(1) All adjustable or removable beam limiting devices, digphragms, cones or blocks shall not
transmit more than 5% of the useful beam for the most penetrating beam used;
(2) When adjustable beam limiting devices are used, the positionand shape of theradiaion field
shdl beindicated by alight beam.

(D) FEilter Systlem. Thefilter system shall be so designed that:
(1) Filterscan not be accidentdly displaced at any possible tube orientation;
(2) For equipment ingtaled after duly 9, 1999, an interlock system prevents irradiation if the
proper filter isnot in place;
(3) Thear kermarate at a distance of one meter from the filter shall not exceed 1 cGy (1 rad)
per hour under any operating conditions; and,
(4) Eachfilter shdl be marked asto its materid of congtruction and its thickness.

(E) Tubelmmobilizetion
(1) The X-ray tube shdl be so mounted that it can not accidentdly turn or dide with respect to
the housing aperture; and
(2) The tube housing assembly shdl be capable of being immobilized for sationary porta
treatments.

(F) Source Marking. The tube housing assembly shdl be so marked that it is possble to determine
the location of the source to within five millimeters, and such marking shal be reedily accessblefor use
during cdibration procedures.

(G) BeamBlock. Contact thergpy tube housing assemblies shal have aremovable shidd of materid,

equivadent in attenuation to 0.5 millimeters of lead at 100 kV, which can be positioned over the entire
useful beam exit port during periods when the beamisnot in use.

(H) Timer. A suitableirradiation control device shal be provided to terminate the irradiation after a
pre-set time interval.
(1) A timer which hasadisplay shal be provided at the treatment control pand. Thetimer shdl
have a pre-set time sdector and an egpsed time or time remaining indicator;
(2 Thetimer shdl be acumulative timer which activates with anindication of "BEAM-ON" and
retains its reading after irradiation is interrupted or terminated. After irradiation is terminated and
before irradiation can be reinitiated, it shall be necessary to reset the dapsed time indicator;
(3) The timer shdl terminate irradiation when a pre-sdected time has eapsed, if any dose
monitoring system present has not previoudy terminated irrediation;
(4) Thetimer shal permit accurate pre-setting and determination of exposure times as short as
one second;
(5 Thetimer shal not permit an exposure if set at zero;
(6) Thetimer shdl not activate until the shutter is opened when irradiation is controlled by a
shutter mechanism unlesscdibrationincludesatimer error correction to compensatefor mechanical
lag; and,
(7) Thetimer and back-up timer if present shall be accurate to within 1% of the selected vaue
or 1 second, whichever is greeter.

() Control Pandl Functions. The control pand, in addition to the displays required by other
provisonsin 105 CMR 120.436, shdl have:
(1) Anindication of whether eectrical power is available at the control panel and if activation of
the X-ray tubeis possble;
(2 Anindication of whether X-rays are being produced;
(3) Meansfor indicating X-ray tube potentid and current;
(4) Themeansfor terminating an exposure & any time;
(5) A locking device which will prevent unauthorized use of the thergpeutic radiation machine;
and,
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(6) For thergpeutic radiation machines manufactured after July 9, 1999, a postive display of
spexific filter(s) in the beam.

(J Multiple Tubes. When acontrol pand is cgpable of energizing more than one X-ray tube:
(1) It shdl only be dlowable to activate one X-ray tube a any time;
(2) Thereghdl beanindication at the control pand identifying which X-ray tubeis activated; and
(3) Thereshdl bean indication at the tube housing assembly when that tube is energized.

(K) Target-to-Skin Digtance (TSD). There shdl be ameans of determining the central axisTSD to
within one centimeter and of reproducing this measurement to within two millimeters theregfter.

(L) Shutters. Unlessitispossbleto bring the X-ray output to the prescribed exposure parameters
withinfive seconds after the X-ray "ON" switch isenergized, the beam shdll be attenuated by a shutter
having alead equivaency not less than that of the tube housing assembly. Inaddition, after the unitis
at operating parameters, the shutter shall be controlled by the operator from the control pand. An
indication of shutter position shdl appear a the control panel.

(M) Low Filtration X-ray Tubes. Each thergpeutic radiation machine equipped with a beryllium or
other low-filtration window shdl be clearly labeled as such upon the tube housing assembly and shdl
be provided with apermanent warning device on the control panel that is activated when no additiona
filtration is present, to indicate that the dose rate is very high.

(N) FEadlity Desgn Requirements for Therapeutic Radiation Machines Capable of Operating in the
Range 50 kV to 500 kV. In addition to shielding adequate to meet requirements of 105 CMR
120.439, the trestment room shal meet the following design requirements.
(1) Aurd Communication Provison shdl bemadefor continuoustwo-way aura communication
between the patient and the operator at the control pand;
(2) Viewing Sysems. Provison shal be made to permit continuous observation of the patient
during irradiation and the viewing system shall be so located that the operator can observe the
patient from the control panel. The thergpeutic radiation machine shal not be used for patient
irradiation unless at least one viewing systemis operationd.

(O) Additiond Reguirements. Trestment rooms which contain a therapeutic radiation machine
capable of operating above 150 kV shal meet the following additional requirements:
(1) All protective barriers shdl be fixed except for entrance doors or beam interceptors,
(2) The control pand shdl be located outside the trestment room or inside the trestment room
within atotally enclosed booth with protective barrier walls, door(s), ceiling and floor;
(3) Interlocks shall be provided such that al entrance doors, including doors to any interior
booths, shal be closed before trestment can be initiated or continued. If the radiation beam is
interrupted by any door opening, it shall not be possibleto restore the machineto operation without
closng the door and reinitiating irradiation by manud action at the control pand; and
(4) When any door referred to in 105 CMR 120.436(0)(3) is opened while the X-ray tube is
activated, the air kermarrate at a distance of one meter from the source shal be reduced to less
than 1 mGy (100 mrad) per hour.

(P) Full Cdibration Measurements.
(1) Full cdibration of atherapeutic radiation machine subject to 105 CMR 120.436 shdl be
performed by, or under the direct supervison of, a Radiation Therapy Physcist:
(8 Before the fird medicd use following ingdlation or reingdlation of the thergpeutic
radiation machine;
(b) Atintervals not exceeding one year; and
(c) Before medicd use under the following conditions:
1. Whenever quality assurance check measurements indicate that the radiation output
differs by more than 5% from the vaue obtained at the last full cdibration and the
difference cannot be reconciled; and
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2. Fallowing any component replacement, mgor repair, or modification of components
that could sgnificantly affect the characteristics of the radiation beam.
(d) Notwithstanding the requirements of 105 CMR 120.436(P)(1)(c):

1. Full cdibration of therapeutic radiation machines with multi-energy capabilities is

required only for those modes and/or energies that are not within their acceptable range;

and

2. If the repair, replacement or modification does not affect al energies, full cdibration

shdl be performed on the affected energy that isin most frequent clinicd usea thefacility.

The remaining energies may bevaidated with quality assurance check procedures against

the criteriain 105 CMR 120.436(P)(1)(c)1.
(2) To stisfy the requirement of 105 CMR 120.436(P)(1), full caibration shdl include dl
measurements recommended for annual calibration by NCRP Report 69, "Dosmetry of X-Ray
and Gamma Ray Beamsfor Radiation Therapy in the Energy Range 10 keV to 50 MeV" (1981).
(3) The regisrant shall maintain a record of each cdibration for the duration of the registration.
Therecord shdl include the date of the cdibration, the manufacturer's name, model number, and
serid number for both the thergpeutic radiation machine and the X-ray tube, the mode numbers
and serid numbers of the instruments used to cdlibrate the therapeutic radiation machine, and the
sgnature of the Radiation Therapy Physcist respongble for performing the cdibration.

(Q) Periodic Quality Assurance Checks.

(1) Periodic quality assurance checks shal be performed on therapeutic radiation machines
subject to 105 CMR 120.436, which are capable of operation at greater than or equal to 50 kV.
(2 Tosidy the requirement of 105 CMR 120.436(Q)(1), quality assurance checks shal meet
the following requirements:
(& The regigrant shal perform quality assurance checks in accordance with written
procedures established by the Radiation Thergpy Physicigt.; and
(b) The quality assurance check procedures shall specify the frequency at which tests or
measurementsare to be performed. The quality assurance check procedures shall specify that
the quality assurance check shdl be performed during the cdibration specified in 105 CMR
120.436(P)(1). They shall aso state the acceptable tolerance for each parameter measured
in the quaity assurance check, when compared to the vaue for that parameter determined in
the calibration specified in 105 CMR 120.436(P)(1), shdl be stated.
(3) Thecausefor aparameter exceeding atolerance set by the Radiation Thergpy Physicist shdll
be investigated and corrected before the system is used for patient irradiation;
(4  Whenever a quality assurance check indicates a sgnificant change in the operating
characterigtics of a system, as specified in the Radiation Therapy Physicist's quality assurance
check procedures, the system shall be recadibrated as required in 105 CMR 120.436(P)(1);
(5) Theregigtrant shal usethe dosimetry system described in 105 CMR 120.434(C)(2) to make
the quality assurance check required in 105 CMR 120.436(Q)(2);
(6) Theregigrant shal have the Radiation Therapy Physicigt review and sign the results of each
radiation output qudity assurance check within one month of the date that the check was
performed;
(7) The regigrant shal ensure that safety quaity assurance checks of thergpeutic radiation
machines subject to 105 CMR 120.436 are performed at intervas not to exceed 1 month;
(8) Notwithstanding the requirements of 105 CMR 120.436(Q)(6) and 120.436(Q)(7), the
regigrant shal ensure that no thergpeutic radiation machine is used to administer radiaion to
humans unless the quality assurance checks required by 105 CMR 120.436(Q)(6) and
120.436(Q)(7) have been peformed within one month period immediately prior to sad
adminigration;
(9) Tosatisfy therequirement of 105 CMR 120.436(Q)(7), safety quality assurance checks shall
ensure proper operation of:
(8 Electricd interlocks at each externd beam radiation therapy room entrance;
(b) Proper operation of the "BEAM-ON" and termination switches,
(c) Beam condition indicator lights on the accessdoor(s), control console, and in theradiation
therapy room,
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(d) Viewing sysems,

(e) If applicable, dectricaly operated treetment room doors activated from insde and outsde

the trestment room;
(10) Theregigtrant shal maintain arecord of each quality assurance check required by 105 CMR
120.436(Q)(1) and 120.436(Q)(7) for threeyears. Therecord shal includethedate of thequality
assurance check, the manufacturer's name, mode number, and serid number for the therapeutic
radiation machine, the manufacturer's name, model number and serid number of theinstrument(s)
used to measure the radiation output of the thergpeutic radiation machine, and the sgnature of the
individua who performed the periodic quaity assurance check.

(R) Operating Procedures.
(1) Thetherapeutic radiation machine shdl not be used for irradiation of patients unless and until
the requirements of 105 CMR 120.436(P) and (Q) have been met;
(2) Therapeutic radiation machines shdl not be left unattended unless secured pursuant to 105
CMR 120.436(1)(5);
(3) Mechanica supporting or restraining devices shal be used when a patient must be held in
position for radiation therapy;
(4) The tube housing assembly shdl not be held by an individua during operation unless the
assambly is designed to require such holding and the peak tube potentid of the system does not
exceed 50 kV. In such cases, the holder shall wear protective gloves and gpron of not less than
0.5 millimeterslead equivaency a 100 kV;
(5) A copy of the current operating and emergency procedures shdl be maintained at the
therapeutic radiation machine control console; and
(6) No individud other than the patient shal be in the treatment room during exposures from
therapeutic radiation machines operating above 150 kV. At energieslessthan or equa to 150kV,
any individud, other than the patient, in the treetment room shall be protected by abarrier sufficient
to meet the requirements of 105 CMR 120.211.

(S) Possessionof Survey Instrument(s). Each facility location authorized to use athergpeutic radiation
mechine in accordance with 105 CMR 120.436 shall possess appropriately calibrated portable
monitoring equipment. Asaminimum, such equipment shdl include a portable radiation measurement
survey indrument capable of measuring dose rates over the range 10 FSv (1 mrem) per hour to 10
mSv (1000 mrem) per hour. The survey instrument(s) shall be operable and calibrated in accordance
with 105 CMR 120.438.

120.437: Therapeutic Radiation Machines - Photon Therapy Systems (500 kV and Above) and Electron
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Therapy Systems (500 keV _and Above)

(A) Possesson of Survey Ingtrument(s). Each facility location authorized to use a therapeutic
radiation machine in accordance with 105 CMR 120.437 shall possess appropriately calibrated
portable monitoring equipment. As a minimum, such equipment shdl include a portable radiation
measurement survey instrument capable of measuring dose rates over the range 10 :Sv (1 mrem) per
hour to 10 mSv (1000 mrem) per hour. The survey instrument(s) shal be operable and calibrated in
accordance with 105 CMR 120.438.

(B) Leakage Radiation Outside the Maximum Useful Beam in Photon and Electron Modes.

(1) The absorbed dose due to leakage radiation (excluding neutrons) at any point outside the
maximum s zed useful beam, but within acircular plane of radiustwo meterswhich is perpendicular
to and centered on the central axis of the useful beam at the nomind treatment distance (i.e. patient
plane), shal not exceed amaximum of 0.2% and an average of 0.1% of the absorbed dose on the
centrd axis of the beam a the nomind treatment distance. Measurements shdl be averaged over
an areanot exceeding 100 square centimeters a aminimum of 16 points uniformly distributed in
the plane;

(2) Except for the area defined in 105 CMR 120.437(B)(1), the absorbed dose due to leakage
radiation (excluding neutrons) at one meter from the e ectron path between the e ectron source and
the target or eectron window shall not exceed 0.5% of the absorbed dose on the central axis of
the beam at the nomind treatment distance. Measurements shal be averaged over an area not
exceeding 100 square centimeters;

105 CMR - 463



105 CMR: DEPARTMENT OF PUBLIC HEALTH

120.437: continued

7/9/99

(3) For equipment manufactured after July 9, 1999, the neutron absorbed dose outside the useful
beam shdl be in compliance with Internationa Electrotechnicd Commisson (IEC) Document
601-2-1 (most current revision); and

(4) For each therapeutic radiation machine, the registrant shdl determine, or obtain from the
manufacturer, the leakage radiation existing at the positions specified in 105 CMR 120.437(B)(1)
through (B)(3) for the specified operating conditions. Records on |eskage radiation measurements
shdl be maintained a the ingalation for inspection by the Agency.

(C) Leskage Radiation Through Beam Limiting Devices.

(1) PhotonRadiation. The secondary collimators shall attenuate the useful beam such that at the
nomind treatment distance, the maximum absorbed dose anywhere in the area shielded by the
beam limiting device(s) shal not exceed 2% (averaged over a one cm squared area) of the
maximum absorbed dose on the centrd axis of the useful beam measured in aten centimeters by
ten centimetersradiation fidd;
(2) Electron Radiation All adjustable or interchangeable ectron gpplicators shdl attenuate the
radiation, including but not limited to photon radiation generated by dectronsincident on the beam
limiting device and electron applicator and other partsof the radiation head, such that the absorbed
dose in a plane perpendicular to the centrd axis of the useful beam at the nomina treatment
distance shall not exceed:
(@ A maximum of 2% and average of 0.5% of the absorbed dose on the centra axis of the
ussful beam a the nomind treatment distance. This limit shall apply beyond a line seven
centimeters outside the periphery of the useful beam; and
(b) A maximum of 10% of the absorbed dose on the centrd axis of the useful beam a the
nomind treetment distance. This limit shall apply beyond a line two centimeters outsde the
periphery of the useful beam.
(3) Measurement of L eskage Radiation
(8 Photon Radiation. Measurements of leskage radiation through the beam limiting devices
shdl be made with the beam limiting devices closed and any residua aperture blocked by at
least two tenth vaue layers of suitable absorbing materia. In the case of overlgpping beam
limiting devices, the leakage radiation through each set shdl be measured independently at the
depth of maximum dose. Measurements shall be made using aradiation detector of area not
exceeding ten square centimeters,
(b) Electron Radiation. Measurements of leakage radiation through the € ectron applicators
shdl be made with the e ectron beam directed into the air and using aradiation detector of area
up to but not exceeding one square centimeter suitably protected againgt radiation which has
been scattered from material beyond the radiation detector. Measurements shall be made
using one centimeter of water equivaent build up materid.

(D) FiltersWedges.

(1) Each wedge filter which is removable from the system shdl be clearly marked with an
identification number. For removable wedge filters, the nomind wedge angle shal gppear on the
wedge or wedge tray (if permanently mounted to the tray). If the wedge or wedge tray is
sgnificantly damaged, the wedge transmission factor shal be redetermined,
(2) If the absorbed dose rate information required by 105 CMR 120.437(1) relates exclusively
to operation with afield flattening filter or beam scaitering foil in place, such fail or filter shall be
removable only by the use of tools;
(3) For equipment manufactured after the effective date of these regulationswhich utilizeasystem
of wedge filters, interchangeable fidd flattening filters, or interchangeable beam scattering foils
(@ Irredigion shdl not be possible until asdection of afilter or apostive selectionto use"no
filter" has been made a the treatment control pand, either manualy or automaticaly;
(b) Aninterlock sysem shdl be provided to prevent irradiation if the filter sdlected isnot in
the correct position;
(c) A digplay shdl be provided at the trestment control panel showing the wedge filter(s),
interchangeable fidd flattening filter(s), and/or interchangeable beam scattering fail(s) in use;
and
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(d) Aninterlock shal be provided to prevent irradiation if any filter and/or beam scattering
foil selection operation carried out in the trestment room does not agree with the filter and/or
beam scattering foil selection operation carried out a the trestment control panel.

(E) X-Ray/Neutron Contamination of the Ussful Beam For equipment manufactured after the
effective date of these regulations, the registrant shal determine during acceptance testing, or obtain
from the manufacturer, data sufficient to ensure that X-ray stray radiation in the useful eectron beam,
absorbed dose a the surface during X-ray irradiation and stray neutron radiation in the useful X-ray
beam are in compliance with Internationa Electrotechnical Commission (IEC) Document 601-2-1
(most current revision).

(F) Beam Monitors. All therapeutic radiation machines subject to 105 CMR 120.437 shall be
provided with redundant beam monitoring systems. The sensorsfor these sysems shdl befixed inthe
useful beam during trestment to indicate the dose monitor unit rate.
(1) Equipment manufactured after the effective date of these regulations shal be provided with
at least two independently powered integrating dose meters. Alternatively, common eements may
be used if the production of radiation is terminated upon failure of any common element.
(2) Equipment manufactured on or before the effective date of these regulations shdl be provided
with a least one radiation detector. This detector shall be incorporated into a useful beam
monitoring sysem;
(3) The detector and the system into which that detector is incorporated shal meet thefollowing
requirements.
(& Each detector shdl be removable only with tools and, if movable, shdl beinterlockedto
prevent incorrect pogtioning;
(b) Each detector shdl form part of abeam monitoring system from whose readingsin dose
monitor units the absorbed dose a a reference point can be calculated;
() Each beam monitoring system shall be capable of independently monitoring, interrupting,
and terminating irradiation; and
(d) For equipment manufactured after the effective date of these regulations, the design of the
beam monitoring systems shal ensure that the:
1. Madfunctioning of one sysem shdl not affect the correct functioning of the other
system(s); and
2. Falure of either system shdl terminate irradiation or prevent theinitiation of radiation.
() Each beam monitoring system shdl have alegible display at the treestment control pand.
For equipment manufactured after the effective date of these regulations, each digplay shall:
1. Maintain areading until intentionaly reset;
2. Have only one scde and no ectrica or mechanica scde multiplying factors;
3. Utilize adesign such that increasing doseis displayed by increasing numbers; and
4. Intheevent of power falure, the beam monitoring information required in 105 CMR
120.437(F)(3)(e)3. digplayed at the contral pane a the time of failure shdl beretrievable
in at least one system for a 20 minute period of time.

(G) Beam Symmetry.
(1) Bent-beam linear accelerators subject to 105 CMR 120.437 shadl be provided with auxiliary
device(s) to monitor beam symmetry;
(2) Thedevice(s) referencedin 105 CMR 120.437(G)(1) shal be ableto detect field asymmetry
greater than 10%; and
(3) The device(s) referenced in 105 CMR 120.437(G)(1) shal be configured to terminate
irradiation if the specificationsin 105 CMR 120.437(G)(2) can not be maintained.

(H) Sdection and Display of Dose Monitor Units.
(1) Irrediation shdl not be possible until a new sdlection of a number of dose monitor units has
been made at the trestment control pane!;
(2) The pre-sdected number of dose monitor units shal be displayed at the trestment control
pand until reset manudly for the next irradiation;
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(3) After termination of irradiation, it shall be necessary to reset the dosmeter display before
subsequent trestment can be initiated; and

(4) For equipment manufactured after the effective date of these regulations, after termination of
irradiation, it shall be necessary for the operator to reset the pre-sd ected dose monitor unitsbefore
irradiation can be initiated.

() Air Kerma Rate/Absorbed Dose Rate. For equipment manufactured after the effective date of
theseregulations, asystem shdl be provided from whosereadingsthe air kermarate or absorbed dose
rate at areference point can becalculated. [ Theradiation detectors specified in 105 CMR 120.437(F)
may form part of thissystem.] In addition:
(1) The dose monitor unit rate shdl be displayed at the treetment control panel;
(2) If the equipment can ddiver under any conditions an air kermarate or absorbed doserate at
the nomina trestment distance more than twice the maximum vaue specified by the manufacturer,
adevice shdl be provided which terminatesirradiation when the air kermarate or absorbed dose
rate exceeds a value twice the specified maximum. The dose rate at which the irradiation will be
terminated shall be a record maintained by the registrant;
(3) If the equipment can deliver under any fault condition(s) an air kermarate or absorbed dose
rate at the nomind trestment distance more than ten times the maximum vaue specified by the
manufacturer, a device shall be provided to prevent the air kerma rate or absorbed dose rate
anywherein theradiation field from exceeding twice the specified maximum vaue and to terminate
irradiationif the excess absorbed dose at the nomina trestment distance exceeds 4 Gy (400 rad);
and
(4) For each thergpeutic radiation machine, the registrant shal determine, or obtain from the
manufacturer, the maximum vaue(s) specified in 105 CMR 120.437(1)(2) and (1)(3) for the
specified operating conditions. Records of these maximum vaue(s) shal be maintained at the
ingalation for inspection by the Agency.

(J) Temination of Irrediation by the Beam Monitoring System or Systems During Stationary Beam
Radiation Therapy.
(1) Eachprimary system shdl terminateirradiation when the pre-sel ected number of dose monitor
units has been detected by the system;
(2) If the origind design of the equipment included a secondary dose monitoring system, that
system shdl be cgpable of terminating irradiation when not more than 15% or 40 dose monitor
units above the pre-sdlected number of dose monitor units set at the control panel has been
detected by the secondary dose monitoring system; and
(3) For equipment manufactured after July 9, 1999, an indicator on the control panel shal show

which monitoring system has terminated irradiation.

(K) Temindion of Irradiation. 1t shal be possibleto terminate irradiation and equipment movement
or go from an interruption condition to termination condition at any time from the operator's position
at the treatment control pandl.

(L) Interruption of Irradiation |If athergpeutic radiation machine has an interrupt mode, it shal be
possible tointerrupt irradiation and equipment movementsat any timefrom thetrestment control pand.
Following an interruption it shall be possble to restart irradiation by operator action without any
resdlection of operating conditions. If any change is made of a pre-sdected vaue during an
interruption, irradiation and equipment movements shal be automaticaly terminated.

(M) Timer. A suitableirradiation control device shal be provided to terminate the irradiation after
aprest timeinterval.
(1) A timer shdl be provided which has adisplay at the trestment control panel. The timer shdl
have a pre-set time sdlector and an egpsed time indicator;
(2) Thetimer shdl be acumulative timer which activates with an indication of "BEAM-ON" and
retainsits reeding after irradiation is interrupted or terminated. After irradiation is terminated and
before irradiation can be reinitiated, it shall be necessary to reset the eapsed time indicator;
(3) The timer shdl terminate irradiation when a pre-sdlected time has eapsed, if the dose
monitoring systems have not previoudy terminated irradiation.
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(N) Selectionof Rediation Type. Equipment capable of both X-ray thergpy and e ectron thergpy shal
mest the following additional requirements:

(1) Irradiation shal not be possible until a sdlection of radiation type (X-rays or eectrons) has
been made at the treatment control pand;

(2) Theradiationtype selected shdl be displayed at the trestment control pandl before and during
irradiation;

(3) Aninterlock system shdl be provided to ensure that the equipment can principaly emit only
the radiation modality which has been sdected;

(4) Aninterlock system shall be provided to prevent irradiation with X-rays, except to obtain an
image, when electron gpplicators are fitted;

(5) Aninterlock system shall be provided to prevent irradiation with electrons when accessories
specific for X-ray therapy arefitted; and

(6) Aninterlock system shdl be provided to prevent irradiation if any selected operations carried
out in the treetment room do not agree with the selected operations carried out at the treatment
control pand.

(O) Sdectionof Energy. Equipment capable of generating radiation beams of different energies shall
meet the following requirements.

(1) Irradiation shal not be possible until a selection of energy has been made at the treatment
control pand;

(2) Thenomind energy vaue sdected shal be displayed at the trestment control pand until reset
manudly for the next irradiation. After termination of irradiation, it shal be necessary to reset the
nomina energy value sdected before subsequent trestment can beinitiated,

(3) Irradiation shdl not be possible until the gppropriate flattening filter or scattering foil for the
selected energy isin its proper location; and

(4) For equipment manufactured after July 9, 1999, the selection of energy shal bein compliance
withInternationa Electrotechnical Commission (IEC) Document 601-2-1 (most current revision).

Sdection of Stationary Beam Radiation Therapy or Moving Beam Radiation Therapy.

Theragpeutic radiation machines cgpable of both Stationary beam radiation thergpy and moving beam
radiation therapy shal meet the following requirements:

(1) Irradiation shal not be possible until asdection of stationary beam radiation thergpy or moving
beam radiation therapy has been made at the treatment control pand;
(2) Themode of operation shall be displayed at the treatment control pand;
(3) Aninterlock system shdl be provided to ensure that the equipment can operate only in the
mode which has been sdlected;
(4) Aninterlock system shdl be provided to prevent irradiation if any selected parameter in the
treatment room does not agree with the selected parameter at the treatment control pand;
(5) Moving beam radiation therapy shall be controlled to obtain the sel ected rel ationships between
incrementa dose monitor unitsand incrementa movement. For equipment manufactured after July
9, 1999:
(@ Aninterlock system shal be provided to terminate irradiation if the number of dose
monitor units delivered in any 10E of rotation or one cm of linear motion differs by more than
20% from the selected vaue;
(b) Where angleterminatestheirradiation in moving beam radiation thergpy, the dose monitor
units delivered shdl differ by less than 5% from the dose monitor unit vaue sdected;
(©) Aninterlock shdl be provided to prevent motion of more than 5 or one cm beyond the
sdected limits during moving beam radiation therapy;
(d) Aninterlock shall be provided to require that a selection of direction be made at the
trestment control panel in al unitswhich are capable of both clockwise and counter-clockwise
moving beam radiation thergpy.
() Moving beam radiation thergpy shal be controlled with both primary position sensorsand
secondary position sensors to obtain the sdected relationships between incremental dose
monitor units and incremental movement.
(6) Where the beam monitor system terminates the irradiation in moving beam radiation therapy,
the termination of irradiation shall be as required by 105 CMR 120.437(J); and
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(7) For equipment manufactured after July 9, 1999, an interlock system shal be provided to
terminate irradiation if movement:
(@ Occurs during stationary beam radiation therapy; or
(b) Doesnot start or stops during moving beam radiation therapy unless such soppageisa
pre-planned function.

(Q) Eadility Design Requirements for Therapeutic Radiation Machines Operating above 500 kV. In
addition to shidding adequate to meet requirements of 105 CMR 120.439, the following design
requirements are made:

(1) Protective Barriers. All protective barriers shall be fixed, except for access doors to the
treatment room or movable beam interceptors,
(2) Control Pandl. In addition to other requirements specified in 105 CMR 120.430, the control
pand shal dso:
(8 Belocated outsde the trestment room;
(b) Provide anindication of whether eectrical power is available at the control pand and if
activetion of the radiation is possible;
(¢) Provide anindication of whether radiation is being produced; and
(d) Include an access control (locking) device which will prevent unauthorized use of the
thergpeutic radiation machine;
(3) Viewing Sysems. Windows, mirrors, closed-circuit televison or an equivaent viewing system
shall be provided to permit continuous observation of the patient following positioning and during
irradiation and shdl be so located that the operator may observe the patient from the treatment
control panel. The therapeutic radiation machine shal not be used for patient irradiation unless at
least one viewing system is operationd;
(4) Aura Communications. Provision shal bemadefor continuoustwo-way aura communication
between the patient and the operator at the control pand. The therapeutic radiation machine shal
not be used for irradiation of patients unless continuous two-way aural communication is possble;
(5) RoomEntrances. Treatment room entrances shal be provided with warning lightsin areadily
observable position near the outside of al access doors, which will indicate when the useful beam
is"ON" and when it is"OFF";
(6) Entrance Interlocks. Interlocks shdl be provided such that all access controls are activated
before treatment can beinitiated or continued. If the radiation beamis interrupted by any access
control, it shal not be possble to restore the machine to operation without resetting the access
control and reinitiating irradiation by manua action at the control pand;
(7) Beam Interceptor Interlocks. If the shidding materid in any protective barrier requires the
presence of a beam interceptor to ensure compliance with 105 CMR 120.221(A). and
120.221(B), interlocks shall be provided to prevent the production of radiation, unless the beam
interceptor isin place, whenever the useful beam is directed at the designated barrier(s);
(8) Siding Shidding Doors. Regisrantswith trestment roomswhich utilize diding shielding doors
or other doors so massive that they may become jammed in the case of catastrophe will have in
place an emergency plan to address such failure. In addition:
(8 Each door to atreatment room installed after July 9, 1999 will be equipped with an
independent means of opening operable by asingle ableindividud;
(b) Each diding door ingdled after July 91, 1999 will be equipped with an € ectronic sensor
which will immediately stop and disable the door closer (or reverse its motion) in the event of
an imminent collison between the door and a person or object in its path.
(9) Emergency Cutoff Switches. At least three emergency power cutoff switch shall be located
in the radiation thergpy room and shdl terminatedl equipment eectrica power including radiation
and mechanical motion. Thisswitchisin addition to the termination switch required by 105 CMR
120.437(K). All emergency power cutoff switches shdl include a manud reset so that the
thergpeutic radiation machine cannot be restarted fromthe unit's control console without resetting
the emergency cutoff switch;
(10) Safety Interlocks. All safety interlocks shal be designed so that any defect or component
falurein the safety interlock system prevents or terminates operation of the thergpeutic radiation
mechine; and
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(11) Surveysfor Resdua Radiation Surveys for resdud activity shal be conducted on dl
therapeutic radiation machines capable of generating photon and dectron energies above 10 MV
prior to machining, removing, or working on thergpeutic radiation machine componentswhich may
have become activated due to photo-neutron production.

(R) Radiation Therapy Physicist Support.

(1) Thesarvicesof aRadiaion Thergpy Physicigt shdl be required in facilities having therapeutic
radiation machines withenergies of 500 kV and above. The Radiation Theragpy Physicist shdl be
responsible for:

(@ Full cdibration(s) required by 105 CMR 120.437(T) and protection surveysrequired by

105 CMR 120.434(A);

(b) Supervison and review of dosmetry;

() Beamdataacquidtion and transfer for computerized dosmetry, and supervision of itsuse;

(d) Quality assurance, including quality assurance check review required by 105 CMR

120.437(U)(5);

(e) Conaultation with the authorized user in trestment planning, as needed; and

(f) Perform cd culations/assessments regarding misadministrations.
(2) Radiaion thergpy facilities shal have a minimum of one haf-time radiologica physcist
avallable on aregular, on going, basis. Inaddition, radiaion therapy fadilitieswill have aminimum
of onefull time equivaent radiologica physicist for every 500 total patients per year.
(3) If the Radiaion Therapy Physicid is not a full-time employee of the registrant, the operating
procedures required by 105 CMR 120.437(S) shdl dso specificaly address how the Radiation
Thergpy Physicigt isto be contacted for problems or emergencies, aswell as the specific actions,
if any, to be taken until the Radiation Thergpy Physcist can be contacted.

(S Operating Procedures.

(1) Noindividud, other than the patient, shall be in the treetment room during trestment or during
any irradiation for testing or caibration purposes;

(2) Therapeutic radiation machines shall not be made available for medica use unless the
requirements of 105 CMR 120.434(A), 120.437(T) and 120.437(U). have been met;

(3) Therapeutic radiation machines, when not in operation, shal be secured to prevent
unauthorized use;

(4) When adjustable beamn limiting devices are used, the position and shape of theradiation field
shdl beindicated by alight fied.

(5) If apatient must be hed in position during treatment, mechanical supporting or restraining
devices shal be used; and

(6) A copy of the current operating and emergency procedures shal be maintained at the
therapeutic radiation machine control console.

(T) Acceptance Testing, Commissioning and Full Cdibration Measurements.

(1) Acceptance testing, commissioning and full calibration of a thergpeutic radiation machine

subject to 105 CMR 120.437 shdl be performed by, or under the direct supervision of, a
Radiation Thergpy Physcidt.

(2) Acceptancetesting and commissioning shall be performed in accordance with"AAPM Code
of Practice for Radiotherapy Accelerators. Report of AAPM Radiation Therapy Task Group 45"
or the most current AAPM published recommendations and shal be conducted before the first

medica use following ingalation or reingdlation of the thergpeutic radiation machine.

(3) Full cdibration shal include measurement of al parameters required by Table Il of

"Comprehengve QA for Radiation Oncology: Report of AAPM Radiation Thergpy Committee
Task Group 40" or the most current AAPM published recommendations and shdl be performed

in accordance with "AAPM Code of Practice for Radiotherapy Accderators. Report of AAPM

Radiation Therapy Task Group 45" or the most current AAPM published recommendations.

Although it shal not be necessary to complete al dementsof afull calibration a the sametime, dl

parameters (for al energies) shdl be completed at intervals not exceeding 12 caendar months,

unless amore frequent interva isrequired in Table 1.
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(4) The Radiaion Thergpy Physicig shdl perform dl dements of afull caibration necessary to
determine that dl parameters are within acceptable limits:
(8 Whenever quality assurance check measurementsindicate that the radiation output differs
by more than 5% from the vaue obtained at the last full calibration and the difference cannot
bereconciled. Thergpeuticradiation machineswith multi-energy and/or multi-modecapabilities
shdl only require measurements for those modes and/or energies that are not within their
acceptable range; and,
(b) Following any component replacement, maor repair, or modification of componentsthat
could ggnificantly affect the characterigtics of the radiation beam. If the repair, replacement
or modification does not affect al modes and/or energies, measurements shdl be performed
on the effected mode/energy thet isin most frequent dlinica use at the facility. The remaining
energies'modes may be vaidated with quaity assurance check procedures againgt the criteria
in 105 CMR 120.437(T)(4)(a).
(5) Theregigrant shadl maintain arecord of each calibration in an auditable form for the duration
of the regigtration. The record shdl include the date of the cdlibration, the manufacturer's name,
mode number, and serid number for the thergpeutic radiation machine, the model numbers and
serid numbers of the instruments used to calibrate the therapeutic radiation machine, and the
sgnature of the Radiation Therapy Physcist respongble for performing the cdibration.

(V) Periodic Qudity Assurance Checks.

(1) Periodic quaity assurance checks shall be performed on dl therapeutic radiation machines
subject to 105 CMR 120.437 at intervals not to exceed those specified in "Comprehensive QA
for Radiation Oncology: Report of AAPM Radiation Thergpy Committee Task Group 40" or the
most current AAPM published recommendations;
(2) Tosatisty therequirement of 105 CMR 120.437(U)(1), quaity assurancechecksshdl include
determination of centrd axis radiation output and a representative sampling of periodic quality
assurance checks contained in "Comprehensive QA for Radiation Oncology: Report of AAPM
Radiation Therapy Committee Task Group 40" or the most current AAPM published
recommendations. Representative sampling shdl include al referenced periodic quaity assurance
checksin an interval not to exceed 12 consecutive calendar months,
(3) Theregigrant shal useadosmetry system which hasbeen inter-compared within the previous
12 monthswith the dosimetry system described in 105 CMR 120.434(C)(1) to make the periodic
quality assurance checks required in 105 CMR 120.437(U)(2);
(4) The registrant shall perform periodic quality assurance checks required by 105 CMR
120.437(U)(1) in accordance with procedures established by the Radiation Therapy Physicist;
(5) Theregigrant shdl review theresults of each periodic radiation output check according to the
following procedures:
(@ Theauthorized user and Radiation Thergpy Physicist shal be immediady natified if any
parameter is not within its acceptable tolerance. The therapeutic radiation machine shal not
be made available for subsequent medical use until the Radiation Thergpy Physicist has
determined that all parameters are within their acceptable tolerances,
(b) If dl quality assurance check parameters appear to be within their acceptable range, the
quality assurance check shall bereviewed and signed by either the authorized user or Radiation
Therapy Physcig within three treetment days, and
() TheRadiaion Thergpy Physicist shdl review and sign the results of each radiation output
quality assurance check at intervas not to exceed one month.
(6) Therapeutic radiation machines subject to 105 CMR 120.437 shdl have safety quality
assurance checks listed in the most currently published recommendations of reports of the AAPM
Radiation Thergpy Committee Task Group 40 at intervas not to exceed the frequencies
recommended therein;
(7) Tosaidy therequirement of 105 CMR 120.437(U)(6), safety quality assurance checks shall
ensure proper operation of:
(@ Electricd interlocks at each externd beam radiation therapy room entrance;
(b) Proper operation of the "BEAM-ON", interrupt and termination switches,
(c) Beam condition indicator lights on the access doors, control console, and in theradiation
therapy room,;
(d) Viewing systems,
(e) Electricdly operated trestment room door(s) from ingde and outside the treatment room;
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(f) At least one emergency power cutoff switch. If more than one emergency power cutoff
switchis ingtaled and not al switches are tested at once, each switch shall be tested on a
rotating basis. Safety quaity assurance checks of the emergency power cutoff switches may
be conducted &t the end of the treetment day in order to minimize possible stability problems
with the thergpeutic radiation machine.
(8) Theregigrant shdl promptly repair any system identified in 105 CMR 120.437(U)(7) that is
not operating properly; and
(9) Theregigrant shal maintain arecord of each quality assurance check required by 105 CMR
120.437(U)(1) and (U)(7) for three years. The record shdl include the date of the quality
assurance check, the manufacturer's name, modd number, and serid number for the thergpeutic
radiation machine, the manufacturer's name, model number and seriad number of theingrument(s)
used to measure the radiation output of the thergpeutic radiation machine, and the Sgnature of the
individua who performed the periodic quaity assurance check.

120.438: Cdibration of Survey Insruments

(A) Theregigrant shal ensure that the survey instruments used to show compliance with 105 CMR
120.430 have been calibrated before first use, a intervas not to exceed 12 months, and following

repair.

(B) To satidfy the requirements of 105 CMR 120.438(A), the registrant shdll:
(1) Cdibratedl required scale readings up to 10 mSv (1000 mrem) per hour with an appropriate
radiation source that is traceable to the National Ingtitute of Standards and Technology (NIST);
(2) Cdlibrate at least two points on each scale to be calibrated. These points should be at
gpproximately a and b of full-scde and
(3) Cdibrate automaticdly ranging digital display survey instruments at no less than one point on
each decade and at no less than two points on one of these decades. These points should be at
gpproximately a and b of the decade.

(C) To satidfy the requirements of 105 CMR 120.438(B), the registrant shall:
(1) Condder apoint ascalibrated if theindicated dose rate differs from the calculated dose rate
by not more than 10%; and,
(2) Consider apoint as calibrated if the indicated dose rate differs from the caculated dose rate
by not more than 20% if a correction factor or graph is conspicuoudy attached to the instrument.

(D) Theregistrant shal retain arecord of each cdibration required in 105 CMR 120.438(A) for three
years. Therecord shdl include:
(1) A description of the cdibration procedure; and
(2) A description of the source used and the certified dose rates from the source, and the rates
indicated by the instrument being calibrated, the correction factors deduced from the cdibration
data, the Sgnature of the individua who performed the calibration, and the date of cdibration.

(E) Theregigtrant may obtain the services of individuas licensed by the Agency, the U.S. Nuclear
Regulatory Commisson, an Agreement State, or a Licenang State to perform cdibrations of survey
indruments. Records of cdibrations which contain information required by 105 CMR 120.438(D)
shdl be maintained by the registrant.

120.439:  Shidding and Safety Design Requirements

7/9/99

(A) Each therapeutic radiation machine subject to 105 CMR 120.436 or 120.437 shd| be provided
with such primary and/or secondary barriers as are necessary to ensure compliance with 105 CMR
120.211 and 120.221.
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(B) Fadlity design information for al new ingdlations of a thergpeutic radiaion machine or
ingddlations of athergpeutic radiation machine of higher energy into a room not previously approved
for that energy shdl be submitted for Agency approva prior to actud ingtdlation of the therapeutic
radiation machine. The minimum facility design information that must be submitted is contained in 105
CMR 120.440: Appendix A.

120.440: Appendix A: Information on Radiation Shielding Required for Plan Reviews

7/9/99

|. ALL THERAPEUTIC RADIATION MACHINES

A. Badc fadility information including: name, telephone number and Agency regigtration number of
the individua responsible for preparation of the shielding plan; name and telephone number of the

fadility supervisor; and the street address [including room number] of the thergpeutic radiation machine
facility. The plan should adso indicate whether this is a new structure or a modification to existing
sructure(s).

B. All wadl, floor, and celling areas struck by the useful beam shdl have primary barriers.

C. Secondary barriersshdl be providedinadl wall, floor, and celling areas not having primary barriers.

Il. THERAPEUTIC RADIATION MACHINES UP TO 150 kV (PHOTONS ONLY)

In addition to the requirements listed in Section | above, thergpeutic radiation machine facilitieswhich
produce only photonswith amaximum energy lessthan or equa to 150 kV shdl submit shielding plans
which contain, as aminimum, the following additiona informetion:

A. Equipment specifications, including themanufacturer and mode number of thetherapeutic radiation
meachine, as well as the maximum technique factors.

B. Maximum design workload for the facility including total weekly radiation output, [expressed in
gray (rad) or air kermaat one meter], total beam-on time per day or week, the average trestment time
per patient, dong with the anticipated number of patients to be treated per day or week.

C. A fadlity blueprint/drawing indicating: scale [0.25 inch = one foot is typicd]; direction of North;
normd location of the therapeutic radiation machine's radiation port(s); the port's travel and traverse
limits; generd direction(s) of the useful beam; locations of any windows and doors; and the location
of the thergpeutic radiation machine control pand. If the control panel islocated ingde the therapeutic
radiation machine trestment room, the location of the operator's booth shall be noted on the plan and
the operator's station at the control panel shal be behind a protective barrier sufficient to ensure
compliance with 105 CMR 120.211.

D. Thestructura composition and thickness or lead/concrete equivaent of al walls, doors, partitions,
floor, and celling of the room(s) concerned.

E. Thetype of occupancy of al adjacent areas inclusive of space above and below the room(s)
concerned. If there is an exterior wal, show distance to the closest area(s) where it is likely that
individuals may be present.

F. At least one example cdculation which shows the methodology used to determine the amount of
shidding required for each physical condition [ie: primary and secondary/leskage barriers, restricted
and unredtricted aress, entry door(s)] and shielding materid in the facility.

(1) If commercid software is used to generate shieding requirements, please dso identify the
software used and the version/ revision date.

(2) If the software used to generate shielding requirementsisnot in the open literature, pleaseaso
submit quaity control sample caculations to verify the result obtained with the software.
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I1l. THERAPEUTIC RADIATION MACHINES OVER 150 kV

In addition to the requirements listed in Section | above, thergpeutic radiation machine facilitieswhich
produce photons with a maximum energy in excess of 150 kV and/or dectrons shdl submit shidding
plans which contain, as a minimum, the following additiona informetion:

A. Equipment specificationsincluding the manufacturer and model number of the thergpeutic radiation
machine, and gray (rad) at the isocenter and the energy(s) and type(s) of radiation produced [ie:
photon, dectron]. The target to isocenter distance shall be specified.

B. Maximum designworkload for thefacility including total weekly radiation output [expressed ingray

(rad) at one meter], total beam-on time per day or week, the average treatment time per patient, aong
with the anticipated number of patients to be treated per day or week.

C. Fadlity blueprint/drawing [including both floor plan and evation views| indicating relative
orientation of the thergpeutic radiation machine, scae [0.25 inch = one foot is typical], type(s),
thickness and minimum dengty of shieding materia(s), direction of North, thelocationsand szeof all
penetrations through each shidding barrier [calling, walls and floor], as well as details of the door(s)
and maze.

D. Thestructura composition and thicknessor concreteequivaent of al walls, doors, partitions, floor,
and celling of the room(s) concerned.

E. The type of occupancy of al adjacent areas inclusive of space above and below the room(s)
concerned. If there is an exterior wall, show distance to the closest area(s) where it is likely that
individuas may be present.

F. Destription of dl assumptionsthat werein shielding caculationsincluding, but not limited to, design
energy [ie: room may be designed for 6 MV unit dthough only a4 MV unit is currently proposed],
work-load, presence of integral beam-stop in unit, occupancy and use(s) of adjacent areas, fraction
of time that useful beam will intercept each permanent barrier [wals, floor and ceiling] and "dlowed"
radiation exposure in both restricted and unrestricted aress.

G. At least one example cdculation which shows the methodology used to determine the amount of
shidding required for each physical condition [ie: primary and secondary/leskage barriers, restricted
and unredtricted areas, smal angle scatter, entry door(s) and maze] and shielding materid in thefacility.

(1) If commercia softwareisused to generate shielding require- ments, dso identify the software
used and the versior/ revison date.

(2) If the software used to generate shielding requirementsis not in the open literature, so submit
quality control sample caculationsto verify the result obtained with the software.

V. NEUTRON SHIELDING

Inaddition to the requirementslisted in Section 111 above, therapeutic radiation machinefacilitieswhich
are cgpable of operating above 10 MV shdl submit shielding plans which contain, as aminimum, the
fallowing additiond information:

A. The dructurd compostion, thickness, minimum dengty and location of dl neutron shieding
meaterid.

B. Description of al assumptions that were used in neutron shidding caculations including, but not
limited to, neutron spectra as a function of energy, neutron fluence rate, absorbed dose and dose
equivaent (due to neutrons) in both restricted and unrestricted aress.

C. At least one example caculation which shows the methodology used to determine the amount of

neutron shieding required for each physical condition [ie restricted and unrestricted areas, entry
door(s) and maze] and neutron shidding materid utilized in the facility.
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() If commercid softwareis used to generate shielding requirements, aso identify the software
used and the verson/ revison date.

(2) If the software used to generate shielding requirementsisnot in the open literature, aso submit
qudity control sample cdculationsto verify the result obtained with the software.

D. The method(s) and instrumentation which will be used to verify the adequacy of al neutron
shidding inddled in the fadility.

V. REFERENCES

A. NCRP Report 49, "Structurd Shielding Design and Evaluation for Medical Use of X Rays and
Gamma Rays of Energies Up to 10 MeV" (1976).

B. NCRP Report 51, "Radiation Protection Design Guidelinesfor 0.1-100 MeV Particle Accelerator
Facilities' (1977).

C. NCRP Report 79, "Neutron Contamination from Medica Electron Accelerators' (1984).
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